The objective of the present research is to characterize the numerical and theoretical study of a non-stationary laminar natural convection in a vertical rectangular enclosure filled with a mixture of water and nanoparticles, and heated from the vertical sides. The governing equations have been discretized by the finite volume method. A numerical code was conceived and realized in this context to solve the obtained equations. A parametric study was conducted by considering the Rayleigh number, the type of nanofluid and the solid volume fraction.
Introduction
The phenomena of natural convection in enclosures have received attentions by many researchers due to its vast applications in different fields of industries. So, many researchers have conducted a variety of numerical and experimental tests on the description of phenomena manager convection, the effect of the nature of the systems in which it took place (especially geometry), and properties of the fluids involved (thermo-physical properties).In the present work, we study the laminar natural convection in a rectangular enclosure filled with a mixture of water and nanoparticles heated from the vertical sides. The numerical simulations is performed for Rayleigh numbers Ra for different volume fractions for the pure fluid (ϕ =0) and for nanofluid (Al2O3, 0.03 ≤ ϕ ≤ 0.1).
The results are presented in terms of the average Nusselt number and the velocity.
Mathematical formulation
We consider a horizontal rectangular cell of height H and width L filled with water containing different concentrations of nanoparticles of Al2O3. The two vertical walls non permeable are maintained at constant temperatures, respectively Tc and Th (Th>Tc). The vertical walls (z = 0 and z = H) are impermeable and isolated.
The Nanofluid is assimilated to the incompressible Newtonian fluid having constant thermo-physical characteristics while the difference in temperature T=Th-Tc remains sufficiently small, so the Boussinesq approximation remains applicable. In these conditions the convective flows are laminar obtained [1, 4] . The classical conservation equations in 2D are as follows:
Equation of streamlines:
The thermal diffusivity is [1] :
The heat capacity of nanofluid is given by (Khanafer and al) [2] :
The effective thermal conductivity of nanofluid is approximated by the Maxwell-Garnetts model [6] :
The density of nanofluid is given by [4, 9] :
The viscosity of the nanofluid is given by brinkman [9] :
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The thermal expansion coefficient [3, 8] :
The horizontal and vertical velocities are, respectively, obtained from the equations:
To obtain the dimensionless formulation the following new variables are introduced:
The previous equations become: 
Boundary Conditions
The governing equations are subject to the following boundary conditions: 
Nusselt Number Calculations
The local Nusselt number on the left hot wall can be defined as
The average Nusselt number (Num) is determined by integrating Nu along the hot wall
Solution Method
The dimensionless equations were discretized using a finite volume method [5, 7] .
Results
The physical properties used are summarized in Table 1 [1]. The following results concern the profiles of the average Nusselt number and the velocity for different values of Rayleigh number and the solid volume fraction. .The enclosure is filled with a water-Al2O3 nanofluid with a solid volume fraction (ϕ = 0.06) .The maximum of x-velocity and z-velocity increases when the Rayleigh number increases due to the strong buoyant flows and it decrease when the Rayleigh number increases due to the influence of the convective flows. The influence of the Rayleigh number on the x-velocity and z-velocity profile is more significant at Ra=10 6 , where the convective flow field is very strong. However, at Ra=10 3 , where the heat transfer is mainly due to conduction, and at Ra =10 7 , where strong convection flows occur within the enclosure. 
Conclusion
A numerical study has been performed to investigate the effect of using the nanofluids (Al2O3-eau) on natural convection flow field and temperature distributions in partially heated rectangular enclosure from the two vertical walls. The results presented as velocities and average Nusselt number for this rectangular enclosure maintained with different governing parameters (Rayleigh number, and solid volume fraction). Some important points can be drawn from the obtained results such as:
 The difference in heat transfer, using different nanofluids, increases with increasing the value of volume fraction of nanoparticles.
 The results for the effect of nanoparticle volume fraction establish the range of operating nanoparticle parameters where transport activities can be manipulated.
 Increasing Rayleigh number is associated with increasing the strength of buoyant flow circulation cells, enhancing the heat removal from the heat source and therefore, decreasing the heat source maximum temperature.
